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INITIAL RESULTS OF INSTRUMENT-FLYING TRIALS CONDUCTED IN A SINGLE-ROTOR
HELICOPTER*

v Avamer D Cues, Jons PP Reepkr, and Jayes I3 WiIUuTTeEN

SUMMARY

Instrument-flying trials Linve been conducted in a single-
votor helicopter, the manewver stobility of whicl could be
clianged  from. satisfactory to unsatisfactory. The results
indicated that existing longitudinal flying-qualitics require-
ments based on contact flight were adequate for instrument
Hight at speeds above that for mininann power. Ilowerer,

lateral-directional problems were encountered at low speeds

and durirg preeision maneuvers.

The adequacy, for helicopter wee, of standard airplane in-
struments was also investigated, and the conclusion was
rewlied that special instruments woulld be desivable under
all eonditions and necessary for sustained low-speed instru-
ment flight.

INTRODUCTION

If the capabilities of the helicopter are to he fully realized.
istrument and night flight nst be readily accomplished.
Since comparatively little instrument flving lhas been at-
temnpted with lhelicopters, the Langley \eronantical Labo-
raiory s undevtaken a flight investigation to determine
whether the flying-qualities requirements for helicopters sug-
wested in reference 1 are adequate for instrinent Hight and
whether any nnknown or mmsnal problems exist. noaddi-
tion, information was songht as to whether <pecial flight
striments are necessary for snceessful instrmment flying in
rotary -wing aireraft.  The initial vesnlts of this program are
iven in the present report.

TEST HELICOPTER AND METHODS
CONFIGURATION AND MODIFICATIONS

The single-rotor helicopter nsed in this investigation is
shown in fignre 1. An additional set of controls, a flight-
instrument panel, and a cloth hood (fig. 2) were installed
in the rear cockpit to enable the pilot to Ay solely Ly instrn-
ments.

The flight instrnments provided (fig. 3) weve those that
are normally cousidered adequate for an awrplane and in-
cluded a directionzl gyro, an artificial horizon, and a tnrn-
and-bank indicator. all of which were electrically driven.
The artificial horizon was somewhat more sensitive in piteh

1 8upersedes NACS TN 2721,
Tames B. Whitten, 1252,
26828853

than a standard nstrimnent, 27°
tion,

providing full-seale deflec-
The trim range of this instriment was kept within
desirable Timits by tilting the entire instrimment panel ap-
proximately 6° to compensate for the nose-down flight atti-
tude of the helicopter.

For test pnrposes the munenver stability, or the presence
or absence of a tendency to diverge in piteh (see ref. 2), was
changed Ly means of horizontal tail surfaces linked to the
longitndinal evelie control. Two confignrations were nsed:
tail-off, wherein the helicopter «did not meet the longitndinal
requirements of reference 1, and tail-on, wherein it satisfied
these eriteria.

Inasmuch as the test helicopter was equipped with irre-
versible servocontrols, wliich give no stick-foree gradient, it
was possible to introduce artificial “feel™ by means of spring-
londed centeriug devices installed in the lateral and longi-
tudinal exclic control systems,

MANEUVERS

Three different flight maneunvers were nsed for purposes
of this investigation: (1) straight and level flight for I min-
nte followed hy deft and right 90° turns, (2) pattern ¢
(shown in fe. ), and (3) eronnd-controlled approach
(GCA).

Precision GCA was flown at 63 to 70 knots (lower speeds
were not permitted because of trafic conditions) with hoth
the tail-on and tail-off confignrations. Pattern C was also
flown with hoth confignrations.  The level-flight-plns-tura
pattern was performed not only with the tail on and off bnt
also with the artificial horizon covered and nncovered, at
varions airspeeds ranging from 15 to 75 knots. No effort
was made to find smooth air, and all Hights were made in
light to moderate tnrbulence.

Tu general. each manenver was performed by two pilots
who were experienced in helicopters and held airplane insan-
ment ratings bt who had not previonsly flown helicopters
inder insteiment conditions,

Stendard NACN vecording instruments were nsed to ob-
tain records of control position, altitnde, aivspeed, manifelil
pressure. stick force, and yawing velocity.

“Inltlal Re=nlts of Instriment-Flyving Telals Coamlieted Inoa Single-Rotor Helicopter™ by Mmer D, Crim. dohn 1°. Reader, and

1



REPORT

FI37—-NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Frotre 1-—Helicopter nxed in instrnment-0ying trinls,
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FicUre 2.—Tegt helicopter with instrument-flying hood.

26828854 ——2
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RESULTS AND DISCUSSION

MANEUVER STABILITY

Maneuver stability is an important flving-qualities require-
ment for contact flight of helicopters (see ref. 2j. A= pointed
out in reference 3, a helicoptsi which lacks such stability ean
exhibit a rapid and dangerous divergence in pitch if the
pilot allows his atfention to be diverted. The applicability

Flight-instrament ponel fastalled in rear cockpil.

of this requiremopt to instrument flying was investigated by
means of Beoded flights in which the manenver stability was
changee from nnsatistactorvy to satisfactory by the addition
of the previonshy wentioned tail surfaces.  The resnlts indi-
cate that although the acenracy with which any given ma-
nenver conld be flown was about the same with the tait on or
off, the effort lessened for the stable confignration as the
speed increased above abont 45 knots, whereas a reverse trend
i this respect was xhown with tail off, the effort and concen-
teation vequived mereasing with speed. At 25 knots little
lifference was noted berween the two confignrations.  Al-
thongh the recovds provide no measmre of the mental effort
and concentration required. the greater physical effort at 73
knots for the nnstable as compared with the stable configura-
tion is shown in the thght records of figure 5 in the form of
areater frequency and amiplitnde of control motion.

DIRECTIGNAL CONTROL

Under certain instrmuent-flyving  conditions, holding A
wiven headimg appears to be a greater problem rhan main-
tuining advspeed o altitude.  Althongh the pilors had no
particalar diffienlty in flying a given conrse nnder eruising
conditions. they reported that at low airspeeds large devia-

tions in heading ovenreea. Also, during gronnd-controlled
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approaches, where precise headings and smull corrections are
necessary, a disproportionate nmount of attention wae.re-
quired to maintnin headings within reasonable limits. A ma-
jor reason for the difliculty in heading control is that the rate
of turn for a given bank angle goes up as speed is reduced,
becoming rather high at the lower lielicopter speeds. Iuad-
vertent deviations in bunk resulted inrelatively large heading
changes while the pilot was scunning the instrument panel,
purticnlarly wlhen other corrections to flight attitude had to
be made. Flight records show larger and more frequent
control motions and an increase in yawing-velocity variation
for the low-speed and GCA\ maunenvers.

The yawing-ve'ocity records are of particnlar interest, At
almost all speeds wnd under most flight conditions the yawing
velocity varied i a characteristic osciflatory manner; the
amplitude changed with flight condition but the period did
not vary materially (fig. 6). Harnonic analysis of several
such records revealed the predomina.t motion to have a pe-
riod of between 3 and 5 seconds. This period was such that
it might have been related to the time required for 1he pilot
to scan the instrument panel. However, when the helicopter
was intentionally disturbed by rudder kicks. the resnlting
osciltation, although usually damped, had approximately the
same frequency as that for controlled flight: therefore, the
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maneivers.

motion was probably not induced by the pilot. Typical os-
cillations following an intentional disturbance are shown in
figure 7. The significance of this laternl-directional oscilla-
tion in relation to the pilots’ difficulties is not clear at the
present time. Howeser, since the helicopter was almost con-
tinually being disturbed, either by small control motions or
by atmospheric turbulence, and since under instrument-flying
conditions the pilot can devote only a part of his attention
to heading indication, osciilations having a relatively short
period would probably add to the preblem of maintaining di-
rectional control.

SIMULATED INSTRUMENT FAILURE

In order that the feasibility of helicopter instrument flying
in event of failure of the artificial horizon n:ight be deter-
inined, several of the level-flight-plus-turn maneuvers were
made with the face of this instrument covered. In the un-
stable configuration (tail-off), the uncertainty felt by the
pilots at the higher speeds with the horizon covered was
indicated by continnous manipulation of the controls in
contrast to the relatively little motion employed when the
horizon was available. Also, larger deviations in flight path
ocenrred when the horizon was not available.

For the stable confignration (tail-on), the flight records
show little difference between maneuvers made with the hori-
zou covered and uncovered. At cruising speeds, heading,
altitude, and airspeed were maintained with about the same
accuracy and with little or no more control movement than
wlen zll instraments were available. Even in the stable con-
tiguration, however, the pilots stated that prolonged flight
without the artificial horizon was nndesirable except as an
emeraen. y maxsure beeanse of the high degree of corcentia-
tion and mental effort required when flying without this
instrument.

ZFFECTS OF FORWARD SPEED

The degree of difficulty encountered in these helicopter
instrument-flying trials depended to a large extent upon
the forwand speed at which they were attempted. At speeds
in the vicinity of cruising, all the manenvers previonsly listed
were successfully accomplished. By means of close and
constant attention to flight instruments, altitude, airspeed,
and heading wzre maintained within reasonable limits.  Al-
though more difficult than in an airplane, reiatively ccmplex
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Frovre T.—Osclllations resultlng from control displacements at twa
different nirspeeds.
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nneuvers such as pattern C were accomplished with the
heiicopter. and ground-cortrolled approaches were consist-
ently made down to altitudes as low as 50 feet. The maneu-
vers were successful with ooth the tail-off and tail-on con-
figurations, although, as previously mentioned, the stable
condition required less effort on the part of the pilot.

As forward speed was decreased below that for minimum
power, the helicopter became increasingly difficult to fly on
instruments. Larger and more frequent control motions
were necessary; and greater deviations from the desired flight
path occurred. The increased control motions at low speed
can be seen in figure 8, which is a comparison of flight rec-
ords at various airspeeds. Although no sharp dividing line
seems to exist between practical and impractical forward
speeds, the pilots’ opinion was that steady flight below 25
knots would be possible only for short periods of time.

Some of the difficulties encountered below 25 knots are
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FIevRE 8.—Comparison of control motion at various airspeeds during
level-flight-plus-turn maneuvers, tail-on configuration.
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apparently due to ervors in the present nirspeed indicating
system. Steady indications sre difficult to maintain, even
during visual flight, and fluctuations due to yaw and pitch
have been observed. Also, the pilots reported that at these
lower speeds unsteady conditions were often encountered,
similar to those found in the vortex-ring state of operation
during descents at low forward velocity with partial power-.

There are other problems peculiar to the low-speed region.
For example, at low speeds very small ang:es of bank pro-
duce high rates of turn, so that precise lateral-directional
control is difficult. In addition, the pilot experiences little
or no normal acceleration during mmaneuvers at low speeds,
whereas at higher speeds such accelerations are believed to
be an aid in detecting changes in the flight path. There
is also the fact that at speeds below that for minimum power
the reiationship between power required and speed is just
opposite to that nermally expected, and an additional burden
is thns placed upon the pilot.

CONTROL FORCES

The data of reference 2 indicate that the pilot should be
able to trim steady forces to zero and that he should also
have a force gradient opposing displacement of the controls.
These requirements seem particularly desirable for instru-
ment flight, since in the present trials the pilots objected to
small ont-of-trim forces that had not been apparent to them
in contact flight.

Varions force gradients were tried in the longitudinal and
lateral control systems of the helicopter in the stable configu-
ration. For this helicopter, the pilots found that stick-force
gradients of about 2 pounds per inch longitudinally and 1
pound per inch laterally were catisfactory. This longitnd:-
nal gradient was too light, however, to provide satisfactory
manenvering forces. The prelcad necessary to overcome
friction (about 1 1b laterally and 4 1b longitudinally) and
provide positive stick centering was found to be objectionabie
since it had to be overcome each time the stick was moved
from trim. A trimming device is considered to be necessary
since the pilots objected to ont-of-triin forces as low as 1
pound.

POSS,8LE MEANS FOR IMPROVEMENT
STABILITY AND CONTROL CHARACTERISTICS

The results of the present investigation have shown that
improving the maneuver stability in accordance with the
requirements of reference 1 decreases the effort required of
the pilot in maintaining a given flight peth. For the test
helicopter, this improvement was accomplished by means of
tail surfaces linked to the longitudinel cyclic control. How-
ever, depending upon the basic configuration, there are other
methods, sneh as those suggested in reference 2, which might
work equally well for heiicopters lacking in maneuver
stability.

The lateral-directicnal problem seems less likely to have a
simple solution. One possibility for improvement would be
to increase the damping in roll and thus reduce the ensitivity
to gusts. Another suggestion has been io reduce both the
Jdirectional-control sensitivity and the weathercock stability
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in order to avoid overcontrolling and to decrease the sensi-
tivity to Iaterul gists, althongh this procedure may conflict
with practical requirements. A third solution is to use an
autopilot, either to control the helicopter directly or, in effect,
to modify its stability derivatives. This approach is feasihle
bnt involves a substantial weight penalty and does not alter
the fact that, in event of autopilot fatlure, inherent stability
of the helicopter would be highly desirable.

The previotsl y mentioned directional oscillntion requires
furtlier investigation to determine the extent to whicl it con-
tributes to the pi lot’s difficulties. Anincrense ineither period
or damping of tkis motion might reduce directionnl-control
difficulties. Howvever no basis for evaluating the importance
of this item lus ns yot been obtained.

FLIGHT INSTRUMENTS

Since the fuselage attitude of a helicopter is independent
of the lifting-rotor position, the conventional artificial hori-
zon Joes not always provide a relinble indication of flight-
path change and does not supply the pilot with information
that will allow lvim to nnticipate displuacement of the helicop-
ter from trim conditions. Instruments which indiente the
attitude of therotor with respect to the horizon wonld appear
to offer solntions to problems of this type. Another approach
is to provide the pilot both attitude and ite indication.
Flight data obtained with nn instrument which ccmbines
fuselage pitch attitude and rate of change of attitude have
indicated that a combmation of rate and attitude informa-
tion, possibly about all three axes of thie helicopter, might be
desirable. There are also strong indications that nn instru-
ment which cwaubines iformation usimlly obtained from
several sources might reduce considerably the difficulty of
helicopter instruiment flying,

Another posibility for mprovenient exists in regaid to
airspeed indicat jon, since at very low speeds reliable airspeed
information isdifficult to obtain in the lLelicopter. Tu addi-
tion to usual problems, the variation of inflow throngh the
rotor makes the avoidance of installation errors difficult, and
gusts, even of small magnitude, can produce a large per-
centage of the indicated reading. .\ satisfactory instrument
would probably have to average or danmp the gust velocities
and be relatively insensitive to varintions in yaw and pitch.

CONCLUSIONS

As a result of instrument-fiying trials corducted with a
singie-rotor helicopter, the following couclusions were
drawn:

1. Existing longitudinal flying-qualities requirements for
helicopter appeared to be adequate for instrument flyin:r at
speeds above that for minimum power.

2. Changing the manenver stability from unsatisfactory
to satisfactory markedly reduced the effort required of the
pilot to muintain a given flight path under instrument con-
ditions. In nddition, the danger due to divergent tendencies
was removed.

3. During precision maneuvers, such as ground-controlled
approaches, und for low-spead flight in generzl, control of
hending appeared to be a greater problem than maintaining
nltitude or airspeed. Mnch of this difficulty was dne to the
fact that, at usml helicopter speeds, small angles of bank
result in high rates of turn.  The lightly damped lateral-
directional oscillation, which is not always apparent to the
pilot, requires further investigation to determine the cxtent
to which it contribntes to the pilot’s difficulties,

4. With standard airplane instruments, novinal instrument-
flying maneuvers were possible in the helicopter at speeds
from about 45 to 75 knots. However, close nnd constant
attention to flight instrnments was necessary.  Increasing
difficulty was encountered nt lower speeds, and flight below
25 knots was possible only for very shiort periods.

5. All unbalanced control forces, even those of small
magnitude, were objectionable during instrument flight nnd
means must be provided for trimming such forces to zero
about all axes.

LaneLEY AFRONAUTICAL LABORATORY,
NatioNan Apvizory CoMMITTEE FOR AERONATTICS,
Lancrey Fiewn, Va.. March 11, 1552
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